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QCD condensates with flavor SU(3) symmetry breaking
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We investigate the effects of flavor SU(3)-symmetry breaking on the QCD condensates, based on
the nonlocal effective chiral action from the instanton vacuum, focusing on the quark-gluon mixed
one. We employ two different parameterizations for the dependence of the momentum-dependent
dynamical quark mass on the strange current quark mass. We obtain the ratios of the mixed
condensates: [〈s¯σµνG
µνs〉/〈u¯σµνG
µνu〉]1/5 = 0.87. It turns out that the dimensional parameter
m20 = 〈q¯σµνG
µνq〉/〈q¯q〉 = 1.60 ∼ 1.92GeV2.
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I. INTRODUCTION
In this proceeding 1, we discuss the effect of flavor SU(3)-symmetry breaking focusing on the quark-gluon mixed
condensate, based on the instanton liquid model for the QCD vacuum [1, 2]. The model was later extended by
introducing the current quark masses [3, 4]. Since we are interested in the effect of explicit flavor SU(3)-symmetry
breaking, we follow the formalism in Ref. [3]. Though the mixed quark-gluon condensate was already studied in the
instanton vacuum [5], explicit SU(3)-symmetry breaking was not considered. Hence, we extend the work of Ref. [5],
focussing on the effect of flavor SU(3)-symmetry breaking on the QCD vacuum. Furthermore, we take into account
two different parameterizations for the dependence of the dynamical quark mass on the current quark massmf so that
we can examine the effects of the current quark mass very in detail. We observed that, with a proper choice of the mf
dependence of the dynamical quark mass [6], the gluon condensate is independent ofmf [7]. The corresponding results
are summarized as follows: The ratio [〈s¯σµνG
µνs〉/〈u¯σµνG
µνu〉]1/5 = 0.87, m20,u = 1.60GeV
2, and m20,s = 1.84GeV
2,
with isospin symmetry assumed. This proceeding is based on our previous work of Ref. [7] in which the gluon and
quark condensates are were also discussed in addition to the mixed one.
II. FORMALISM
Now, we consider the mixed condensate, 〈q¯σµνG
µνq〉 in our framework. Actually, the local operator inside this
condensate corresponds to the quark-gluon interaction of a Yukawa type. However, in the present work, the gluon
field strength (Gµν) can be expressed in terms of the quark-instanton interaction [5]. First, the one flavor quark and
one instanton interaction can be rewritten as a function of space-time coordinates x and color orientation matrix U :
Y±,1(x, U) =
∫
d4k
(2π)4
d4p
(2π)4
[2πρF (kρ)][2πρF (pρ)]e−ix·(k−p)
[
Uαi′ (U
j′
β )
†ǫii
′
ǫjj′
] [
iψ†(k)αi
1± γ5
2
ψ(p)βj
]
, (1)
where the form factor, F (kρ), is defined as follows:
F (kρ) = 2t
[
I0(t)K1(t)− I1(t)K0(t)−
1
t
I1(t)K1(t)
]
. (2)
ρ¯ is set to be 1/600 MeV−1. We assume the δ-function-type instanton distribution. We define then the field strength
Gaµν in terms of the instanton configuration as a function of I(I¯) position and orientation matrix U :
Ga±µν(x, x
′, U) =
1
2
[
λaUλbU †
]
Gb±µν(x
′ − x). (3)
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2Gb±µν(x
′ − x) stands for the field strength consisting of a certain instanton configuration. Using Eqs. (1) and (3), we
define the field strength in terms of the quark-instanton interaction:
Gˆa±µν =
iNcM
4πρ¯2
∫
d4x
∫
dUGa±µν(x, x
′, U)Y±,1(x, U) (4)
Following the method in Ref. [5], we finally obtain the quark-gluon mixed condensate as follows:
〈q¯σµνG
µνq〉 = 2Ncρ¯
2
∫
d4k1
(2π)4
∫
d4k2
(2π)4
√
M(k1)M(k2)G(k1, k2)N(k1, k2)
[k21 + [mf +M(k1)]
2][k22 + [mf +M(k2)]
2]
, (5)
where G(k1, k2) and N(k1, k2) are defined as follows:
G(k1, k2) = 32π
2
[
K0(t)
2
+
{
4K0(t)
t2
+
(
2
t
+
8
t3
)
K1(t)−
8
t4
}]
,
N(k1, k2) =
1
(k1 − k2)2
[
8k21k
2
2 − 6(k
2
1 + k
2
2)k1 · k2 + 4(k1 · k2)
2
]
(6)
with t = |k1 − k2|ρ¯. If we consider for arbitrary Nf the mixed condensate, the situation may be somewhat different
from the cases of the gluon and quark condensates. We note that, though the mixed condensate has been calculated for
the case of Nf = 1, the same formula of Eq. (5) still holds for each flavor with arbitrary Nf as discussed previously [5].
As indicated in Refs. [3, 8], the dynamical quark mass is also a function of the current quark mass. Thus, we
redefine the dynamical quark mass as a function of momentum and current quark mass, mf :
M(k)→M(k,mf ) = M0f(mf )F
2(kρ¯), (7)
where we set M0 to be 350 MeV. In order to take into account the dependence of the dynamical quark mass on mf ,
we introduce the mf -dependent correction factor f(mf ) [3, 8]. We consider here two different parameterizations for
f(mf ) (A and B) of f(mf ) to see theoretical ambiguities:
fA(mf ) =
√
1 +
m2f
c2A
−
mf
cA
, fB(mf ) = 1 +
cB
M0
, fC(mf ) = 1. (8)
The correction factor fA(mf ) is derived by Pobylitsa [6] by expanding the quark propagator in the instanton back-
ground in terms of the large Nc limit. The parameter cA is set to 0.198 GeV. The mf correction factor fB(mf ), was
introduced in Ref. [3] by using the saddle-point equation and its expansion in the current quark mass mf . We use
the value of cB = −0.5mf as proposed in Ref. [3]. fC is for the M without mf dependence.
III. NUMERICAL RESULTS
In the right panel of Fig. 1, we draw the results of the quark-gluon mixed condensate as functions of the mf . The
curves of the mixed condensate decrease as mf increases. We also list the values of the mixed condensate for the up
and strange quarks in Table. I.
A B C
〈u¯σµνG
µνu〉 −4815 −4835 −4845
〈s¯σµνG
µνs〉 −4185 −4755 −4835
TABLE I: Quark-gluon mixed condensates for mu = 5 and ms = 150 MeV [MeV
5].
Now, we consider the effect of flavor SU(3)-symmetry breaking by calculating the ratios between the nonstrange
condensates and the strange ones. As already discussed, the ratio of the gluon condensates remains unity for the mf
correction factor fA. The calculated ratios are given by; [〈s¯σµνG
µνs〉/〈u¯σµνG
µνu〉]1/5 = 0.87 ∼ 1.00. Being compared
to Refs. [13, 14, 15, 16, 17], our results are in good agreement each other.
We take into account a dimensional quantity m20 defined as the ratio between the mixed and quark condensates:
m20 = 〈q¯σµνG
µνq〉/〈q¯q〉, (9)
which is an important input for general QCD sum rule calculations. We draw m20 in the left panel of Fig. 1 as a
function of mf and list the values of m
2
0 in Table. II in which the quark condensates are computed in the same
framework.
The value of m20 increases as mf does, which implies that the mixed condensate is less sensitive to the mf than the
quark condensate. The values of m20 are in the range of 1.84GeV
2 for the strange quark and of 1.60GeV2 for the up
quark. Thus, the strange m20,s turns out to be larger than the nonstrange m
2
0,u by about 15%.
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FIG. 1: Left: Quark-gluon mixed condensate as a function of the current quark mass mf . Right: m
2
0 as a function of the
current quark mass. The solid curve draws the mixed condensate for fA(mf ) in Eq. (8), the dashed one corresponds to that
without any f(mf ), and the dotted one plots that for fB(mf ). We used cA = 0.198 GeV and cB = −0.5mf GeV.
A B C
[〈s¯σµνG
µνs〉/〈u¯σµνG
µνu〉]1/5 0.87 0.98 1.00
m20,u = 〈u¯σµνG
µνu〉/〈u¯u〉 1.60 GeV2 1.60 GeV2 1.60 GeV2
m20,s = 〈s¯σµνG
µνs〉/〈s¯s〉 1.84 GeV2 1.89 GeV2 1.92 GeV2
TABLE II: The ratios of the condensates for the different types of the mf correction factors. mu = 5 MeV and ms = 150 MeV
are used.
IV. SUMMARY AND CONCLUSION
In the present work, we investigated the various QCD vacuum condensates within the framework of the instanton
liquid model, emphasizing the effects of flavor SU(3)-symmetry breaking. The modified improved action elaborated by
Musakhanov was used for this purpose. In the modified improved action, the current quark mass appeared explicitly
in the denominator of the quark propagator as well as in the dynamical quark mass. Thus, we were able to take
into account the current quark mass effects to the QCD condensates. In order to consider the ms dependence of the
dynamical quark mass, we employed two different types of the correction factors, fA and fB (fC for the case without
the correction). fA arises from the resummation of the QCD planar loops in the large Nc limit [6], while fB is a
simple parameterization of the current quark mass correction suggested by Musakhanov [3].
The mixed condensates were calculated with these correction factors. The results were consistent with those from
other model calculations as well as phenomenological values. In particular, The ratios of the condensates between the
strange and up quarks were also investigated: [〈s¯σµνG
µνs〉/〈u¯σµνG
µνu〉]1/5 and 〈q¯σµνG
µνq〉/〈q¯q〉. It turned out that
the results are again compatible with other theoretical calculations. The dimensional quantity m20 was also studied:
m20,u = 1.6GeV
2 and m20,s = 1.84GeV
2. In general, the quark and mixed condensates decrease as the current quark
mass increases. However, the m20 increases as the current quark mass does, which indicates that the mixed condensate
is less sensitive to the current quark mass than the quark condensate. More details can be found in Ref. [7].
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